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Description 

Background of the invention 

Conventional corticosteroids, such as cortisone, hydrocortisone, prednisone, methylprednisolone, 
5 etc., are generally poorly water soluble and therefore not suited for intravenous administration. Several 
types of soluble C— 21 derivatives of such steroids have been disclosed in the patent literature including 
dicarboxylic acid hemiesters, sulfobenzoates, sulfopropionates, sulfates, phosphates, and 
aminoalkanoyloxy derivatives. While solubilization can generally be attained quite readily using a variety of 
such pro-moities, most of the aforementioned derivatives possess other disadvantages limiting their utility 
w as water soluble prodrugs. The term "prodrug" denotes a derivative of an active drug which is converted 
after administration back to the active drug. The "pro-moiety" referred to in this application is the fragment 
attached to the steroid via an ester linkage and removed by ester hydrolysis in vivo. A major problem with 
many common derivatives is their solution instability. Dicarboxylic acid hemiesters of corticosteroids such 
as succinate esters, for example, are marketed commercially as lyophilized powders for reconstitution prior 
15 to injection due to their solution instability (see, for example, E. R. Garrett, J. Pharm. Sci., 57, 445 (1962) 
and J. Med. Pharm. Che. 5, 112 (1962); B. D. Anderson and V. Taphouse, J. Pharm. Sci., 70, (1981); R. 
Yamamoto, S. Fujisawa, and M. Kawamura, Yakugaku Zasshi, 91, 855 (1971); B. D. Anderson, et. al„ J. 
Pharm. Sci. 72, 448 (1983)). Corticosteroid 21-aminoalkyl carboxylate derivatives reported in the literature 
also undergo rapid hydrolysis in aqueous solution (M. Kawamura, R. Yamamoto, and S. Fujisawa, 
20 Yakugaku Zasshi, 91, 863 (1971)). 

Certain derivatives which do appear to exhibit better solution stability suffer from other disadvantages. 
21 -sulfate esters, for example, may not be readily converted to the active parent drug in vivo as suggested 
by the fact that the 21 -sulfate of hydrocortisone is inactive in mice (M. Kawamura, R. Yamamoto, and S. 
Fujisawa, Yakugaku Zasshi, 91, 871 (1971); meta-sulfobenzoate esters which have been reported as 
25 having improved solution stability (M. Kawamura, R. Yamamoto and S. Fujisawa, ibid, French Patent 
Derwent No. 76199 U)) are frequently not highly water soluble and thus may have limited utility as 
injectable prodrugs. Phosphate esters may in some cases possess the requisite solubility, solution stability, 
and bioconversion rates but exhibit other disadvantages. Several undesirable features of phosphate esters 
are apparent: 1) Phosphate esters are often difficult to purify and are frequently very hygroscopic. 2) The 
30 stability of phosphate esters is optimum above pH 7 where other modes of drug degradation may be a 
problem. Glass surfaces are also more likely to delaminate in alkaline conditions resulting in particulate 
problems. 3) Precipitation of free corticosteroid due to the limited amount of hydrolysis which does occur 
may limit product shelf-life. Solubilization of free corticosteroid due to micelle formation by the intact 
prodrug is a desirable feature which phosphate esters exhibit to only a limited extent. 4) Concentrated 
35 solutions of phosphate esters of corticosteroids exhibit accelerated reaction velocities due to micelle 
formation, limiting shelf-life in concentrated solutions (G. L. Flynn and D. J. Lamb, J. Pharm. Sci. 59, 1433 
(1970)). Sulfopropionate esters of corticosteroids have also been reported as readily water soluble and as 
having improved solution stability (Derwent Accession No. 27789 C). Sulfoacetate esters are also known 
(Derwent 9453F). The present invention provides a novel class of ester prodrugs of corticosteroids which 
40 do not possess the typical glucocorticoid activity. 

Field of Invention 

The present invention is novel ester prodrugs of steroids and formulations thereof which have 
pharmacologically useful properties. 

45 

Summary of Invention 

The compounds of the present invention are novel ester prodrugs of steroids which are solution stable 
in vitro but are rapidly converted in vivo to the active parent steroid and are therefore useful 
pharmacological agents. The compounds of the present invention are represented generically by general 
so Formula I (see Formula Chart) wherein the various substituents have the following meanings: 
wherein — indicates a single or double bond; 
R, is CH 3 or C 2 H 5 ; 

either R 2 is H and R 3 is in the a-position and is OH, C,-^ alkoxy, (d-, alkyDCOO, aryl-COO, (R) 2 N COO 
or R 7 0— COO, wherein the R's are independently selected from H and C^ alkyl, R 7 is aryl or C,- 4 alkyl, and 
55 aryl is phenyl optionally substituted by 1 to 3 substituents selected from CI, F, Br, alkyl, C,- z alkoxy, 
d-3 alkylthio, CI 3 C, F 3 C, NH 2 and NHCOCH 3 ; or 
R 2 is a-CI and R 3 is P-CI; or 

R 2 and R 3 taken together are —0— bridging positions C— 9 and C— 1 1 or form a double bond between 
positions C— 9 and C — 11; 
60 R* is H, CH 3 , CI or F; 

R s is H, OH, F, CI, Br or CH 3 ; 

R 6 is H or CH 3 ; 

R 9 is H, OH, CH* F or =CH 2 ; 

either R 10 is H, OH or CH 3 or R 10 forms a second bond between positions C— 16 and C— 17; and 
55 R„ is-Z(CH 2 ) r Q,-Y-(CH 2 ) n -X-(CH 2 ) rn -S0 3 H or-Y'-(CH 2 ) p -X'-(CH 2 ) q -NR 12 R 13 , wherein Y is a 
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bond or — O— ; Y' is a bond, — O- or — S— each of X and X' is a bond, — C0N(R 14 )— , — N(R 14 )— , 
— N(R 14 )CO— O— S— ,— S(0)~ . or— S(0 2 )— ; R 14 is hydrogen or C w alkyl; either each of R, 2 and R 13 
is {C,— C 4 ) alkyl or (C,— C 4 ) monohydroxyalkyl or NR 12 R 13 is pyrrolidino, piperidino, morpholino, 
thiomorpholino, piperazino or N — {C 1 _ 4 aikyljpiperazino; n is an integer of from 2 to 9; m is an integer of 
5 from 1 to 5; p is an integer of from 2 to 9; q is an integer of from 1 to 5; Z is a bond or— O— ; r is an integer 
of from 2 to 9; and Q is 

(1) — R 15 — CH 2 COOH wherein R 15 is — S— , — S(0>— , — S(0) 2 — , — S0 2 N{R, 6 )— or — N(R 16 )S0 2 — , and 
R 16 is hydrogen or C t _ 4 alkyl; 
<2) —CO— COOH; 

>o (3) — CONH — CHR 18 — COOH wherein R 18 is H, CH 3 , — CH 2 COOH, — CH 2 CH 2 COOH, — CH 2 OH f — CH 2 SH, 
— CH 2 CH 2 SCH 3 or p-hydroxy benzyl; 

(4) — CONCH 3 — CH2— COOH; 

(5) (2-carboxy-1-pyrrolidinyl)carbonyl; or 

(6) —CONH — CH 2 — CONH — CH 2 COOH; 
'5 with the provisos that: 

(a) the total number of carbon atoms in R 16 and (CH 2 ) r is not greater than 10; 

(b) when n is 2, R 14 is not H; 

(c) the sum of m and n is not greater than 10: 
{d) the sum of p and q is not greater than 10; 

20 (e) when X is a bond, the sum of m and n is from 5 to 10; 

(f) when X' is a bond, the sum of p and q is from 4 to 9; 

(g) when R 4 is CI or F, the C— 1 position is saturated; and 

(h) when R 9 is =CH 2 , R 10 does not form a second bond between positions C— 16 and C— 17. 
Included within the scope of the present invention are pharmacologically-acceptable salts of the 

25 compounds of Formula I. Solution stable formulations of the compounds of Formula I are also a part of the 
present invention. 

Detailed Description of the Invention 

Preferred embodiments of the present invention are set forth in formulae II to VI wherein the 

30 substituent groups have the followings meanings: 

In Formulae II to VI each of R 4 , R 7 and R 8 is hydrogen; R, is CH 3 or C 2 H S ; R 5 is CH 3 , F, CI, Br, H or OH, and 
more preferably R 5 is in the a-position and is CH 3 , H or F; R 6 is H or CH 3 and more preferably is H; R 9 is H, a- 
OH or CH 3 ; and R 10 is a-H or a-OH; and R„ has the meaning defined in Formula I. Additionally in Formula III 
R 2 is hydrogen and R 3 is in the a-position and is OH, — O-akyKC,— C 12 ), preferably — 0-alkyi(C,— C 4 ), 

35 — O— COalkyKC,— C 12 ), preferably — O— COalkyKC,— C 6 ), — O— COaryl, — O— CON(R) 2 or — OCOOR 7 
wherein aryl, R, and R 7 having the meanings defined in Formula I and preferably aryl is phenyl and R is 
hydrogen or methyl. 

Pharmacologically acceptable salts of the compounds of Formula I include acid addition salts and 
quaternary ammonium salts when R n is Y'— (CH 2 ) P — X'— (CH 2 ) q — NR 12 R 13 . Illustrative examples of such 
40 acid addition salts are inorganic salts such as hydrochloride, hydrobromide, sulfate, or phosphate, or 
organic salts such as acetate, malonate, succinate or sulfonates. Quaternary ammonium salts of 
compounds of Formula I containing a terminal amine group may be depicted as follows where R„ is 

-Y'.{CH 2 ) p -X'.(CH 2 ) q .NR 12 R 13 r/"> 
alkyl 

wherein Y\ p, X', q, R 12 and R 13 have the meanings defined in Formula I, alkyl has from 1 to 4 carbon atoms, 

so and R 8 n represents an anion, for example R 8 is I, Br, CI, CH 3 S0 3 or CH 3 COO. 

To form acid addition salts of the compounds of Formula I containing a terminal amine function, said 
compounds are treated with suitable pharmaceutical^ acceptable inorganic or organic acids by standard 
procedures. Suitable inorganic acids are, for example, hydrochloric, hydrobromic, nitric, sulfuric or 
phosphoric acids. Suitable organic acids include carboxylic acids, such as, acetic, propionic, glycolic, lactic, 

55 pyruvic, malonic, succinic, fumaric, malic, tartaric, citric, stearic, ascorbic, maleic, hydroxymaleic, benzoic, 
hydroxybenzoic, phenylacetic, glutamic, glutaric, cinnamic, salicylic, 2-phenoxybenzoic or sulfonic acids 
such as methane sulfonic, sulfonilic, toluenesulfonic, or 2-hydroxyethanesulfonic. The quaternary 
ammonium salts are formed by contacting said compounds with a suitable alkylating agent such as 
dimethyl sulfate, diethyl sulfate, or a suitable alkyl halide such as methyl or ethyl chloride or methyl or ethyl 

so bromide or methyl or ethyl iodide. 

Also included within the scope of this invention are base addition salts of compounds of Formule I 
wherein R„ is — Y — (CH 2 ) n — X — (CH 2 ) m S0 3 H or — Z{CH 2 ) r Q which are obtained by treating the acid of 
Formula I with pharmaceutical^ acceptable inorganic or organic bases by standard procedures. Suitable 
inorganic bases are, e.g., those of alkali metal hydroxides, such as potassium, sodium, magnesium, and 

65 aluminum. Suitable organic bases are physiologically acceptable compounds containing tertiary amine 
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functional groups, e.g. choline(OH~) r trishydroxymethylmethylamine, triethanolamine, or trialkylamines 
such as triethylamine. 

The aryl moiety in the R 3 group — OCOaryl is attached to the carbonyloxy moiety through any of the 
available ring carbon atoms of said aryl moiety. 
5 Any reference herein to compounds of Formula I includes pharmacologically acceptable salts thereof. 
The compounds of the present invention are useful in treating the following diseases and injuries: 
head trauma, spinal trauma, septic or traumatic shock, stroke, and hemorrhagic shock. In addition utility in 
cancer as well as other disorders or physiological phenomenon dependent on aniogenesis such as embryo 
implantation (antifertility), arthritis, and atherosclerosis is exhibited with these compounds coadministered 
jo ■ with oral heparin or systemic heparin fragments (see J. Folkman, et al., Science 32, 719—725 (1983). The 
compounds of the present invention possess substantially none of the typical glucocorticoid effects. 

The compounds of the present invention can be administered orally, intramuscularly, intravenously 
and by suppository, and the effective dosage range is 60 to 100 mg/kg/day. Additionally, a dosage regimen 
of using a loading dose of about 30 mg/kg followed by a repetitive as needed maintenance dose of about 1 5 
is mg/kg may be desirable. The compounds of the present invention may be coadministered with low doses 
of glucocorticoids. For the treatment of cancer including head tumors and other conditions dependent 
upon angiogenesis a preferred dosage range is 10 to 100 mg/kg/day and the preferred route of 
administration is orally, by suppository or intramuscularly. 

The utility of the compounds of the present invention can be demonstrated in various test models as 
20 follows: For head trauma, mice are struck upon the head with a standard weight which is dropped from a 
set height. They are then dosed subcutaneously with the test compound. After one hour the motor abilities 
of the mice are assessed. Active test compounds promote improved motor activity relative to controls. For 
spinal trauma, see E. D. Hall and J. M. Braughler, Surg. Neurol. 18, 320—327 (1982) and J. Neurosurg. 56, 
838—844 (1982). Septic (traumatic) shock is demonstrated in a rat model whereby test compound is 
25 administered and protection of the rats from the lethal effects of endotoxin is measured. For stroke, the 
carotid arteries of gerbils are ligated for a brief period after which test compound is administered 
subcutaneously. The behavior of the gerbils is observed after a recovery period, and gerbils receiving test 
compound display a more normal behavior after the recovery period. And for hemorrhagic shock, by 
published procedures used to evaluate glucocorticoids. 
30 The novel compounds of the present invention provide marked advantages over known steroids in that 
these novel compounds are highly water soluble which facilitates formulation of the compounds and 
permits long term storage of solutions of said novel compounds. 

The solution stability of these compounds is due to several features: 1) The derivatives are highly 
soluble in the pH range 3 to 6 which is the pH range in which ester hydrolysis in aqueous solution is 
35 minimized. 2) Functional groups which may promote ester hydrolysis through any catalytic or substituent 
effect are sufficiently distant from the ester linkage that such influences are minimized. 3) The compounds 
self-associate in concentrated solutions to form molecular aggregates which increase the shelf life of 
formulations by a) retarding hydroxide ion catalyzed ester hydrolysis at high concentrations, and b) 
solubilizing any parent steroid present in and resulting from the hydrolysis of a solution of a compound of 
40 the present invention. 

For storage of aqueous solutions of the compounds of Formula I the pH of their solution must be 
properly controlled. Ideally, the pH will be maintained at a level where the hydrolysis of the ester is at a 
minimum. This minimum depends to a certain degree on the chemical structure of the pro-moiety, the 
formulation concentration, and the temperature of storage but in general will be at a pH of about 3 to 6 for 
45 the compounds of this invention. Most advantageously, buffers should be employed to maintain the pH at 
or near the desired level throughout the shelf life of the formulation. Suitable buffers are those which are 
physiologically acceptable and exhibit sufficient buffer capacity in the pH range 3—6, e.g., acetate, citrate, 
succinate, or phthalate buffers and the like. The quantity of buffer used is determined by means known in 
the art and will depend on the pH desired, the concentration of the solution, and the buffering capacity of 
50 the buffer. 

The concentration of the solution stable formulations of the compounds of Formula I depends on the 
activity level of and the ultimate dose of parent steroid desired. In general the stability of the formulations 
increases as the concentration of novel ester increases. In essence the solution stable formulations may be 
as concentrated as viscosity properties permit or until the solubility of the novel ester is exceeded. 

55 Sterile aqueous solutions of the compounds of Formula I typically will contain other components such 
as preservatives, anti-oxidants, chelating agents, or other stabilizers. Suitable preservatives can include 
benzyl alcohol, the parabens, benzalkonium chloride, or benzoic acid. Anti-oxidants such as sodium 
bisulfite, ascorbic acid, propyl 3,4,5-trihydroxy benzoate, and the like may be employed. Chelating agents 
such as citrate, tartrate, or ethylenediaminetetraacetic acid (EDTA) may be used. Other additives useful as 

50 stabilizers of corticosteroid prodrugs (e.g., creatinine, polysorbate 80, and the like) may be employed. 

Sterile aqueous solutions of compounds of Formula I can be administered to the patient being treated, 
i.e., a warm blooded mammal, intramuscularly or intravenously or orally. Additionally conventional solid 
dosage forms of the compounds of Formula I can be administered orally to the patient being treated. For 
example, capsules, pills, tablets or powders of the compounds of Formula I can be formulated in unit 

55 dosage forms incorporating conventional fillers, dispersants, preservatives and lubricants. Also 
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suppositories providing a sustained release of a compound of Formula I can be formulated using 
conventional inert materials such as biodegradable polymers or synthetic silicones. 

The compounds of the present invention are prepared by various routes using conventional 
procedures. For convenience in describing the preparation of the compounds of Formula I the symbol St is 
5 employed to represent that portion of Formula I as depicted by Formula VII. 

Preparation of Compounds of Formula I wherein R„ is — Y— (CH 2 ) n — X— (CH 2 ) m S0 3 H 

When Y is oxy, i.e., — 0 — , equimolar amounts of an intermediate of the formula 
0 2 N(C 6 H 4 )-OCOCMCH 2 ) n -X-(CH 2 ) n ,S03H (Formula VIII) wherein (C 6 H 4 ) is 1,4-phenylene and n, m, and X 

to have the meanings defined in Formula I, and a parent steroid of the formula StOH wherein St has the 
meaning defined in Formula VII are reacted in a dry aprotic solvent such as tetrahydrofuran (THF), 
dimethylformamide (DMF) or dimethylsulfoxide (DMSO), in the presence of an acylation catalyst such as 
dimethylaminopyridine (DMAP) or N-methylimidazole. Although the reaction may be performed at room 
temperature it is convenient to gently warm the reaction mixture to about 50°— 60°C with stirring until all 

is the activated carbonate ester is consumed. The product is purified by pouring the reaction mixture into 
water with the pH adjusted to ~-4 and washing with an organic solvent, e.g., ether or ethyl acetate. It is then 
concentrated by removing the solvent and further purified either as the free acid or as an appropriate salt 
by crystallization and/or chromatography. 

When Y is a bond equimolar amounts of an intermediate of the formula 

• 20 

HOOC(CH 2 ) n -X-(CH 2 ) m -S0 3 H (Formula IX) 

wherein n, m, and X have the meanings defined in Formula I with a 21-iodo or21-0-mesy1 derivative of the 
parent steroid which may be represented respectively by the formulas SModo (Formula X) and St-O-mesyl 

25 (Formula XI) wherein St has the meaning defined in Formula VII and mesyl means — S(0 2 }— CH 3 are 
reacted. When the 21-iodo steroid derivative is employed the reaction proceeds at room temperature, 
whereas when the 21-O-mesyl steroid derivative is used the reaction is heated to about 60°— 70°C. The 
reaction is carried out in a dry aprotic solvent such as DMF in the presence of a sterically hindered tertiary 
amine such as diisopropylethylamine. The product is isolated by diluting with water, adjusting the pH to 

30 ~5, washing with an organic solvent, suitably ethyl acetate, and further purifying by recrystallization or 
chromatography. 

When Y is a bond and X Is — CON(R u h- compounds may also be prepared by reacting equimolar 
amounts of a 21-iodo steroid derivative of Formula XII and a bis-acid of the formula HOOC— (CH 2 1 n — COOH 
(Formula XII) wherein n has the meaning defined in Formula I in a dry aprotic solvent such as THF or DMF in 
35 the presence of a sterically hindered amine such as diisopropylethylamine with optional heating to give an 
intermediate of the formula StOCO(CH 2 ) n — COOH (Formula XIII) which is activated by cooling to about -20° 
to - 10°C and reacting with isobutyl chloroformate in the presence of a tertiary amine, such as triethylamine 
for about 10—20 minutes during which time the reaction mixture is permitted to warm. To the activated 
derivative of Formula XIII is added an appropriate aminoalkylsulfonate of the formula 

40 

Ri4NH 2 -(CH 2 ) m S0 3 - Formula XIV 

+ 

wherein m and R 14 have the meanings defined In Formula I. This latter reaction is complete within an hour 
and the product is isolated by standard procedures, e.g.. washing an aqueous solution, pH 5 with an 
45 appropriate organic solvent such as ethyl acetate, and purification by crystallization and/or 
chromatography. 

Alternatively when Y is a bond and X is -CON(R t4 )— to the above obtained activated derivative of 
Formula XIII is added p-nitrophenol in the presence of a tertiary amine such as triethylamine to give a 
stable intermediate of the formula StOCO(CH 2 ) n COO-(C 6 H 4 >-N0 2 (Formula XV) wherein St and n have the 
so meanings defined in Formula I and (C 6 H 4 ) is 1 ,4-phenylene. The intermediate of Formula XV is then reacted 
with a molar equivalent of an aminoalkylsulfonate of Formula XIV in a dipolar aprotic solvent such as THF 
or DMF in the presence of a base such as pyridine. The Formula I product is then isolated by washing an 
aqueous solution at pH 5 with an organic solvent, such as ethyl acetate, and purifying by crystallization and/ 
or chromatography. 

55 The compounds of Formula VIII wherein X is — CON(R 14 )— are prepared by heating to about 6Q°C a 
suitable aliphatic lactone, such as, propiolactone, y-butyrolactone, 5-valerolactone, e-caprolactone, etc., as 
n in Formula I increases in length, with an equimolar amount of an o>-aminoallcylsulfonate of Formula XIV in 
an aprotic solvent such as DMSO, DMF or THF to give the acyclic amide which is isolated by standard 
extractive procedures. The amide is reacted with p-nitrophenylchloroformate in a dry aprotic solvent such 

so as THF in the presence of pyridine and isolated by standard procedures to give the compounds of Formula 
VIII or used without isolation to form compounds of Formula I. 

The compounds of Formula VIII wherein X is — N(R 14 >-CO— are prepared by reacting an appropriate 
co-sulfo aikanoic acid having an alkylene chain length of from 1 to 5 carbon atoms with an d)-amino alcohol 
of the formula HO — (CH 2 ) n — NHR 14 , wherein n and R 14 have the meanings defined in Formula I, in a dry 

65 aprotic solvent, such as THF or DMF. in the presence of dicyclohexylcarbodiimide (DCC) to yield the amide. 
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Any ester formed by reaction at the wrong end of the amino alcohol is eliminated by selective hydrolysis. 
Alternatively, a cyclic anhydride of Formula A (see Formula Chart) such as 3-sulfopropionic anhydride is 
reacted with an ca-amino alcohol in a polar aprotic solvent in the presence of a tertiary amine to form the 
amide. The product is isolated by standard extractive methods, and the product is taken up in a dry aprotic 
5 solvent and treated with p-nitrophenylchloroformate in the presence of pyridine to give the compounds of 
Formula VIII which may be isolated by standard procedures. 

The compounds of Formula VIII wherein X is oxygen are prepared by reacting a suitable a,a)-aliphatic 
diol of the formula HO(CH 2 ) n — OH wherein n has the meaning defined in Formula I with an w-halosulfonate 
of formula Z'— <CH 2 ) m S0 3 — where Z' = CI, Br, I, —O-mesyl, or — O-tosyl and m is as defined in Formula I, 
to or, alternatively, with a sultone of Formula B (see Formula Chart) wherein m is as defined in Formula I, in a 
dry aprotic solvent in the presence of one equivalent of potassium t-butoxide to yield the desired ether. 
This compound is purified by standard extractive methods, then is reacted with p-nitrophenyl 
chloroformate in a dry aprotic solvent in the presence of pyridine to give a reactive mixed p-nitrophenyl 
carbonate ester of Formula VIII. 
15 To prepare the compounds of Formula VIII wherein X is sulfur, an aliphatic w-haio alcohol of the 
formuia HO(CH 2 ) rt -halo wherein n is as defined in Formula I and halo is chloro, bromo, or iodo is reacted 
with thiourea in refluxing lower alcohol to yield an isothiouronium salt which is then cleaved by treating the 
compoura with an aqueous base to yield an co-mercaptoalkanol (HS(CH 2 ) n OH — . The u-mercapto alkanol, 
after isolation via standard methods, e.g., distillation, is then reacted with an <D-bromoalkyl sulfonic acid of 
20 'ormula fP ;H 2 ) m S0 3 H wherein m is as defined in Formula I or a sultone of Formula B in a solution 
. : -tain?* o equivalents of inorganic base in water. A water miscible solvent (e.g., alcohol) may also be 
bilize the reactants. The product of formula HO(CH 2 ) n S(CH 2 ) m S0 3 — is isolated by standard 
..<trac. xedures. Final purification is achieved by recrystallization and/or chromatography. This 
. . •. . : . ,:y 3e oxidized at this stage to give a sulfoxide or sulfone if desired, or it may be maintained in the 
25 suifias Torn. 5b form the sulfoxide, i.e., X is — S(O)— , the sulfide is treated with one equivalent of sodium 
1 in aqueous lower alcohol at O c C. When oxidation is complete the sodium iodate is filtered 
out ... roxide isolated by standard procedures. To form the sulfone, i.e., X is— S(0 2 ) — , the sulfide is 

reacted wiu, 30% H 2 0 2 in 50% acetic acid at room temperature for several hours. Oxidation proceeds 
through the sulfoxide to the sulfone. The product is isolated by standard procedures, with final purification 
30 be - - :d by recrystallization or by chromatography if needed. The sulfur-linked hydroxy! containing 
su. -en converted to a reactive mixed carbonate ester by combining it with an equimolar quantity 

of p-nitropnenylchloroformate in an aprotic solvent with added pyridine to give the compounds of Formula 
VIII which may be isolated by standard procedures. 

-mounds of Formula VIII wherein X is a bond are prepared by reacting a sulfoalkanol of the 
35 wirni.... vnUCHJ^SOaH (Formula XVI) wherein n is from 5 to 10 with p-nitrophenylchloroformate in a dry 
polar aprotic solvent such as DMF or DMSO in the presence of a tertiary amine such as triethylamine. The 
reaction product is isolated by standard procedures to give a compound of Formula VIII or is used without 
isolation to prepare compounds of Formula I. 

:mpounds of Formula XVI may be prepared by reacting an alcohol of the formula 
— R b wherein n' has the meaning defined in Formula XVI and R b is CI, Br, I, OS(0 2 )CH 3 or 
_ — ^H,)— CH 3 with a sulfite salt such as sodium sulfite in a mixture of water and a water miscible 
alcohol such as ethanol or propanol. The reaction mixture is heated to reflux and when the desired product 
formation has taken place, the product may be isolated by standard extractive methods and/or by 
crystallization. 

45 Alternatively the compounds of Formula XVI may be synthesized in two steps involving the free radical 
addition of thiolacetic acid to a compound of the formula HO— {CH 2 ) n ,_ 2 — CH=CH 2 wherein n' has the 
meaning defined in Formula i, followed by oxidation of the resulting thioiacetate with hydrogen peroxide in 
acetic acid to form compounds of Formula XVI. The addition reaction is carried out in the presence of 
ultraviolet radiation or a peroxide catalyst such as dibenzoyl peroxide. The oxidation is carried out in acetic 

so acid to which 90% hydrogen peroxide has been added and is heated to 65 to 70°C. The products are 
isolated by standard methods. 

The compounds of Formula IX wherein X is a bond are prepared by reacting a bromoalkanoate of the 
formula Br— (CH 2 ) n <— COO" wherein n' is from 5 to 10 with a molar excess of a sulfite salt in refluxing water 
or a mixture of water and a water miscible alcohol. The product may be isolated by crystallization or by 

55 standard extractive methods. Alternatively the compounds of Formula IX wherein X is a bond may be 
obtained in two steps by first reacting a terminal olefin of the formula CH 2 =CH— <CH 2 ) n ._ 2 — COOH wherein 
n' is from 5 to 10 with thiolacetic acid in the presence of ultraviolet radiation or a peroxide catalyst such as 
dibenzoyl peroxide under an inert atmosphere (e.g., N 2 ) to form a terminal thioiacetate of the formula 
CH 2 — CO— S — (CH 2 ) n . — COOH wherein n' is 5 to 10. The thioiacetate is isolated by standard methods and is 

eo then oxidized by treatment with hydrogen peroxide in acetic acid. The product of oxidation is a sulfo- 
alkanoic acid of Formula IX which may be isolated by standard methods. 

The compounds of Formula IX wherein X is — N(R 14 )CO— are prepared by reacting an amino acid of 
the formula (HN(R 14 )(CH 2 ) n — COOH with a bromoalkanoyl chloride wherein the alkanoyl moiety contains 
from 2 to 6 carbon atoms in an aqueous solvent at a pH of about 10 after which the pH is adjusted to about 
55 3. The thus formed amide is extracted with an organic solvent such as ethyl acetate and isolated by 
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t-Bu-OCO(CH 2 ) n -halo 

reactams. After severa^nZ^ b i! or J }anic so,vent - such as THF mav ? 9 thlBe ^"^'ents 
and the product is kni a t a H k * i ast ^ volumes of acetonirriJo Nam • -10—20 hours. 

derivative is emploved thp ™L2L V " and mesvl means -S(0,)-CH 1™ T 8 **" whef e'n St 

— . * J. e ssraraa; aixSSS 



7 



EP 0 156 643 B1 



he activated derivative of Formula XXII is a J™ J n R tne meanings defined m Formula!. 

ss-kksis sss ss sty* — - - « — *- a 
jess ^■ssar-'S^ « s - J MMo " 10 ,om w 

{ i fl mniCH 1 halo wherein p is as defined in Formula I anc i naio Formula I. to give a 

,7.«» ft. mm >* JJW -J 

sulfide The reaction is earned out in a pa™"Y ■ . format ion. The product is isolated by extraciive 
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5 ll T Ula H0(CH >'»- NR "«» -herein pT a d R l a i: ST"! d . by re3Cti " 9 a " alkanol o 
chloroformate ,n a dry aprotic solvent, such as THF in th n "1 Forfnula 1 with P-"'trophenyl- 
The ammo alkanol compounds are known in .hJ^ n P S6nCe ° f an amine - such as, triethylamine 
treatment of an appropriate rtodL^Z^'"?^?*" by 9eneral, V '"own proc edunTs by 

38 Theco i0 F ° rmUla m NHR " R ' 3 Wherei " R ' 2 and R " a ' a 

'° an u,-hl C Sa°Se S ouS^uZ^Sl) 1^ ^"IhL^^^ ^ ? aCting equimolar a ™""'s of 
defmed ,n Formula I and thiourea in propylene alvcolaf^ ? 3 ' 0 ' S n3 '° 9en and * R " and «-3 are as 
displaced, the isothiouronium salt is cC Mdt '"^^ tem ^ rature - w hen the halide has been 
con tinumg to apply heat. When the free thTofha^ formLd 9 tlT7 SUCh 38 tetraet "Vlene pentamine ano 
/5 d.st.llat.on under reduced pressure 6d ' th ' S product 18 ,solated b V extractive means or by 

Procedure^^rnin^art 3 ^ ^ X ' ' S 3 b °" d a " • >" the art or are prepared by 

X' '3 -C0N-,R U H. an <,ha,oa,Ky,C 2 _ 9 . 
w an aprotic solvent, preferably THF The soE TjL 2? ""™ and is ^«tylchloroformate at - 10°C in 
tVTJ!* N ™»"™*U"kZ wherei T R " r^T" 0m ,empera "" a a "° a diamine of 
eart^ 3 ^^ meanin ? s ^fined ^ Formula I is 

reacted w,th an equimolar amount of thiourea in nrnoillnl V ext , ract,ve P roc edures. This product is then 
hah* has been displaced, the isothYouronium sa TJt^Z*!™ elevated 'emperature. When the 
Pentamine and continuing to apply heat. When he ee mtK r'" 9 ^ST* SUCh as Methylene 
extracnve means or by distillation under reduced Pressure ' Pr ° duct is iso,ated b V 

an amino acid of the formula 

-ted^ 

h.ourea in propylene glycol. When KSloElS " ^ 3 10% "olar excess of 
result.ng .sothiouronium salt is cleaved 12 1 group bv tniour ea is complete the 

compounds of Formula XVII whfc are feolSed ^by e«r a «l added . tetfaethylene P entami "e to give Te 
The compounds of Formula XVII wherein X'k IT 8 procedures or b V distillation. 9 
. ammo alcohol of the formu.a HOKhInR X JhSI 7^ " y reaCti " 9 3n N.N-disubstituted 
equ.molar quantity of sodium hydride in DMF TfomL Z? 38 defined in Form ula I with an 

dropw.se to a large molar excess of an a ScC d«I T 3,k ° X ' de - This so,uti °n is then added 
are chloride, sodium iodide is added Pas 5Sv£ wfen «Z 3 d,mesy,ate in « the halogen groups 

ST- ' S ' S0,a,ed bV eXtractive P^^dures then trea«^ COmp,ete ' ,he ^sired mono 

•soth.ouron.um salt. This salt is cleaved by , Z .'"/eflux.ng 95% ethanol to yield the 

hydroxide solution and continuing *!^!?S^JS^ 3 8 "' 9nt molar exce ss of sodium 
rrom the reaction mixture bv extractive ^"Z.™" ""™ n,tr °9 e n. The amino thiol is then isolated 

The compounds of Formula XVII wherein X' is «.?Z com POunds of Formula XVII. 
ammo thiol of the formula HS(CH^X wherein o R a?d !? 1°"°™- An N.N-disubstituted 

n a lower alcohol and treated with a slight motaE^tf^W^ 3S , defined in Formula 1 is dissolved 
large molar excess of a dibromide of ?h e rrmuKcH ?l?^' S S ° ,Ution is then added dra P«"se to a 
aprotic solvent such as DMF or THF ThV^ • B ' (CH!, « Br wherein p is an integer from 2 to 9 in an 
procedure, At this ^™ ££L%72^ ^ isolated b? standard 

sulfone. To prepare the compounds of Formula XV* Se „ ? t t 'i ° J" ther the su,foxid e or the 
treated with sodium metaperiodate in a™wer ao^ 

desenbed hereinabove in connection with th?SpSto?of2? I P^edures analogous to those 
compounds of Formula XVII wherein X' is suiw^he TbS P ° Unds of Formu,a »0V. To prepare the 
with 30% hydrogen peroxideThu^ S^^S^i^ j" 9 ' a « a «.acetic acid a'nd'treated 
further ox.dation is elected, the subsequent steps ire th^S ^ ,0 the SU,fone - Wheth er or not 
w.th an equ.molar amount of thiourea in refluxfno 95 

cleaved by the addition of concentrated base Weld Se fe^ ^ fn ,so * io J u . r = on '«''n aalt This salt is 
workup the compounds of Formula XVII are obSnJd Up °" ac,dificati °n and extractive 

with a ^^"SS^i »« « P^P a -d by reacting the parent 21 hydroxy steroid 

temperature. After abou? one houT the Z ?„ 0n VeS8e ' Which is then a,,owad to warn?to room 
65 chtoroformate precipitates out S ° ,Ut, ° n ' S concentra 'ed under reduced pressure and S2 
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■ v.- m/p \rn- are Dreoared by reacting an aminoacid of 
The compounds of Formula XIX where.n X' is-N<R„ c °-*£ J alkanoy , moiety conta.ns 

the 2^3Th5», J(CH,)^C°OH with a L^SSSi the pH is adjusted to about 
from 2 to 6 carbon atoms in an aqueous solvent at a pHotaoo acetate gnd |S0 , ated b y 

3 The thus formed amide is extracted with an organic solvent sue THF or DMF and treated 

5 procedures generally known in the art "^JJS^rSS^ defined in Formula . to g,e 
f»FSM»JS» » acting an appropriate 
alky^dS^^ 

l0 The compounds of Formula XDCwHJjwn Xts oxy arep j jn Formu|a , and R„ is a 

carboxylic acid of the formula t-bu-OCO(CH 2 ) p -,^H,R 0 where.n p ^hydroxy am.ne of the 

leaving group such as chloro, bromo .ode . O-mesyl or O tosyl s tre 2 ^ 

formula HO(CH 4 ),NR, 2 R ia where.n q, R„ and R,, are ■ ^etmea t . b utoxide, in a dry aprot.c 

and an equimolar amount of a strong non*«*«J*o base ;«9^ ceable group „ chlo ro or bromo. NJ 
IS solvent, e.g.. THF, to yield the ether coupled imrm« » trw a p h jso)ated by extractive 

' 5 may be added as a catalyst. When the ether JJJJ^SSTLLE acid in an organic solvent, e.g.. 
methods. The t-butyl ester is hydrolyzed ^by ^Jlf^SX compounds of Formula XIX. 
toluene, or with anhydrous trifluoroacet.c acid to give [™™™? n(i by reacti on of an cD-mercapto- 
The compounds of Formula XIX wherein X .s sulfur e prepare Y haio(C H 8 ), N R, 8 R„ 
, 0 carboxylic acid of the formula HO W S,;,! ato is chloro or bromo. in aqueous base 
~° wherein p, q. R„ and R„ are as ■ ^^'"*™H Maintained at 10-12 by addition of base rf 
containing a reducing agent, such as ^^°i,p ma y be added if required to solub.l.ze the u-hal °* 
necessary.Awatermiscibleo^ 

amine. When the reaction is complete the sull.de is .soiaieu y 

of Formula XIX. m „„„„H wherein X' is sulfur are obtained by treating the 

analogous to those described hereinbefore. _ reDafed bv gene ral procedures well known in the art. 



25 



30 



40 



45 



halide is chloride, 
commercially available. 



50 



55 



60 



Pre «^o^ 

ESS^^-W 00 " (Fom,U,a XXVU) Where, ^;' a nrolic7olv;n s£h as OMF or §MSO in the 
r n ?e°gSm 2 'to 9. The -action is^ounn ^SSSiSSi - Fortmjla XXVl1 " 1,16 m0St 
presence of at least 2 moles of an appropriate . b |^ par ™ |ol5 . 4 .o|undec-7-ene (DBU). 
Referred base is a bicyclic am.d.ne such as p epared by treating a compound of the 

' compounds of Formula XXVII where.n R „ , * -SO, ^Txidant such as 1:1 mixture of glacial 
formula HOCO(CH 2 ),SCH^COOH ^^^S^nSSoOCWB wherein R ls is-SO- are prepared 
acetic acid and 30% hydroger 'P'^^^^JSar amount of sodium periodate NalO,) in 
L treating a compound of Formula XXVIII w .th an equj moa shou|d be monitored to prevent 

Suaoua methanol at 0 to 10°C for approbate V one day T he reactjng Qne |ent pf . 

over oxidation to the *^" e ^ one equivalent of mercaptoacetic acd in 

compound of the formula HOCO'CH, ,Br (wnnwa. NaOH or KOH. 

water in the presence of three equ.valents of strong base sucn compounds are prepared by 

Wat When Z is a bond. Q * *^ H £ 0 ^ 

sr^eqSerrs^^ or a ster,ca,,Y 
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temp^ Preferabiy the reaction is carried out at room 

compounds of Formula yyy 

alcohol in the presence of , ™ n ' and R '« a 'e as defined in f FrZ.n ' eflux,na an arr » n ° acid of 

prepared bv tro a t,„ V L h an amme 01 the formula R wu ti , la M0 OC(CH 2 ) r L wherein L is CI, 
" SriSSrttoSTS^r lS ,i ^ C,, ^ W.5^SQJa^Si^tJ^ l,i, ^ ^tort* compound, are 

corresponding bis elter ° p mp ° Unds ° f F °™' a XXXII arTprJS ^"J™ ^'^of compound 

of p-^^^ - * « «^km^e? of th ° 

such as acetonp r hi nm f "" e ana 3 tertiary amine, e.q., triethvlamin= • J? ^"""o'ar amounts 
reacting on?ea u ;valJr„^ m ™ tetrah V° ro '" a n. The aKS^r""^"^ 
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tr w iw"" — ■ amine 
thionyl chloride e.ther us.ng excess g 

compounds are Prepared by n» * no P jc solvent in the presence ( f a ten ar/ ^ 

, s alcohol esters are obta.ned bv MJJJJfl aicohol Qf f ^(W avajlable or 

^n^al^ ^ V. Cr- is 
KKS S^^^'JS-COOH the compounds are prepared by treating j { ^ ^ 

d.ethy.ethe .H,10C0(CH 2r .^CHC00»1^ 

COCOOalkyl 

d th4NHCIat60-70°Cfor5to10hoursto 

/^/T^Q«0 Formula XXXIX 

( CH 2) r J 

^0 ■ ma ik a noate salt with iodoacetamide 

10 give impounds of *e l"™"""™^™ at tlxrC for one hou. » "^Xl JeAatives are 

give R e 0(CHa),w** w wn,v r — MIO iruiR \COOH are prepared by 

H0(CH 2 ),C0C00H compounds ^ Q -jXBJj^J^^^ XLI , by 

ae,ir.« 
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ethylamine and a large excess of a dicarboxylic acid of the formula HOOC(CH 2 ) r COOH in a polar aprotic 
solvent. When X s in Formula XXVI is iodo the reaction is carried out at room temperature and when X s is 0- 
mesyl the reaction is carried out at about 45° to 60°C. 

When Z is — O— and Q is — CON(R 17 )CH(R 18 )COOH the compounds are prepared by treating a steroid 

5 StOH wherein St has the meaning defined in Formula VII with a compound of the formula 
R c OCOO(CH 2 ) f CON(R 17 )CH(R ia )COOCH 3 (Formula XL) wherein r, R 17 and R 18 are as defined in Formula I and 
R c is p-nitro phenyl, in a polar aprotic solvent such as dimethylformamide or dimethylsulfoxide at 40° to 
SOX in the presence of one equivalent of a tertiary amine such as pyridine and a catalytic amount of 
dimethylaminopyridine or N-methylimidazole and subsequently hydrolyzing the thus formed methyl ester 

10 derivative to the corresponding free acid using aqueous acid. The Formula XL compounds are prepared by 
treating a lactone of Formula XXXIX with a methyl ester or a 2,2,2-trichloroethyl ester of an appropriate 
amino acid as identified above in a polar aprotic solvent in the presence of one equivalent of a non- 
nucleophilic base at elevated temperature to give compounds of the formula 
HO(CH 2 ) r CON(R 17 )CH(R 18 )COOCH 3 which are treated with a slight excess of p-nitrophenylchlorocarbonate 

1 5 in a dry aprotic solvent at 0 to 20°C in the presence of a stoichiometric amount of pyridine or a tertiary 
amine. 

The methyl ester of the compounds described herein can be hydrolyzed to the free acid by heating in 
aqueous acid by well known procedures. The 2,2,2-trichloroethyl ester of the compounds described 
hereinabove can be converted to the free acid by treatment with zinc and acetic acid as generally described 
20 in J. Am. Chem. Soc. 88, 852 (1966). The salts of the compounds of Formula I, are prepared by treating the 
acid with a suitable base as generally described hereinabove. 

As indicated hereinbefore the various parent steroid starting materials, i.e., StOH and StX 5 are known 
in the art or are prepared by procedures well known in the art. 

It may be desirable to protect various functions found on the 21 -hydroxy steroid starting material, e.g. 
25 ketone groups or hydroxy groups at positions other than C— 21. Protection and subsequent deprotection of 
functional groups on the parent steroid is accomplished by procedures well known in the art and/or as 
. illustrated in the specific Examples which follow. 

Example 1 

30 N-methyltaurine amide of 17a-hydroxy-4,9{11)-pregnadiene-3,20-dione-21-hemisuberate 

[Formula I: R, = CH 3 ; R 2 and R 3 form a double bond; C— 1 is saturated; R 4 , R 9 , R 6 and R 9 = H; 
R,o = a-OH; R„ = -(CH 2 ),r- CON(CH 3 MCH 2 ) 2 --S0 3 H] 

A 20.0 g sample (.058 mol) of 17a,21-dihydroxy-4,9(11)-pregnadiene-3,20-dione was dissolved in 100 
ml of pyridine and treated with 9.94 g (.087 mol) of methanesulfonyl chloride. After five hours, the mixture 

35 was partitioned between methylene choride and water. The organic phase was dried with sodium sulfate 
and concentrated. An insoluble material was filtered after the partition.. The NMR spectra of the filtered 
solid and the methylene extract were the same and were consistent with the 21 -mesylate. The combined 
mesylate fractions were refluxed in 600 ml of acetonitrile with 20 g of sodium iodide for 1.5 hours. The 
reaction was filtered through Celite* and concentrated to dryness. The residue was crystallised from 

40 hexane and acetone to yield a 17.8 g first crop of iodide. A 4.74 g (0.0105 mol) sample of the iodide was 
dissolved in 15 ml of DMF. 

5.00 g (.0314 mol) of the N-methyltaurine amide of suberic acid (sodium salt) in 50 ml of methanol was 
reacted with 3.6 ml of 4.4 M sodium methoxide in methanol. This disodium salt was concentrated to 
dryness and added to the DMF solution of the iodide. The reaction mixture of the iodide and the disodium 

45 salt was stirred for 20 hours at 40°C. The mixture was then treated with ethyl acetate. The crystals which 
resulted were filtered and then partitioned between methylene chloride/isopropanol and a pH 4 sodium 
sulfate aqueous solution. The organic phase was dried over sodium sulfate and concentrated. The residue 
was chromatographed on silica gel with a methanol/methylene chloride gradient (2% to 15%) to yield 370 
mg of final product. 

50 

Example 2 

N-methyltaurine amide of 6a-fluoro-17a-hydroxypregna- 1,4,9(1 1)-triene-3,20-dione-21- hem isu berate, 
sodium salt 

Pivaloyl chloride (8.76 g, .073 mol) was reacted in 350 ml of pyridine with 34.22 g (.109 mol) of 8-oxo- 
55 [(2-sulfoethyl)methylamino]octanoic acid, monosodium salt. A 13.15 g (.0363 g) sample of 6a-fluoro- 
17a,21-dihydroxy-pregna-1 f 4,9(1 1 Mriene-3,20-dione was added after 2 hours. The mixture was stirred for 7 
days. The mixture was concentrated and partitioned between n-butanol and aqueous sodium sulfate. The 
organic phase was dried over sodium sulfate and concentrated. The residue was chromatographed on 
silica gel (2% methanol/methylene chloride to 15%). The product was dissolved in methylene chloride and 
60 n-butanol and was washed with sodium sulfate in water. The organic phase was dried and concentrated. 
The residue was triturated with ether to yield 14.56 g of product which foamed at 1 30°C. HPLC analysis on 
C— 18 showed 92% purity. Anal. Calcd. for C 33 H 45 NFSNa0 9 . Calcd/Found: C, 58.83/58.11; H, 6.73/7.01; N, 
2.08/2.17. 

65 
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Example 3 

N-methyltaurine amide of 6a-fluoro-16p-methyl-17a-hydroxYpregna-1 t 4,9(11)-triene-3 r 20-dione- 
21-hemisuberate, sodium salt 

A mixture of 41.06 g {.131 mol} of 8-oxo-[(2-sulfoethyl)methylamino]octanoic acid r monosodium salt 

5 and 10.49 g (.087 mol) of pivaloyl chloride were stirred in 400 ml of pyridine for 2.5 h. A 15.78 g {.0436 mol) 
sample of 17a f 21-dihydroxy-163-methyl-6a-fluoropregna-1 ,4,9(11 )-triene was added and the reaction was 
stirred for 20 hours. The mixture was concentrated and partitioned between n-butanol, water, sodium 
sulfate and sodium bicarbonate {.087 mol). The organic phase was dried over sodium sulfate and 
concentrated. The residue was chromatographed on silica gel {2% methanol/methylene chloride to 1 2%) to 

io yield, after triturating to a white solid with ether, a 20.58 g pure cut whose mass spec was consistent with 
the product, mp to a glass 110-1 14°C. Anal. Calcd. for C 32 H 43 NFS0 9 Na.5H 2 0. Calcd/Found: C f 57.47/55.88; 
H, 6.63/6.74; N, 2.09/2.90; H 2 0 1.35/.97. 



Example 4 

js N-methyltaurine amide of 6a-fluoro-1 ,4,9(1 1),16-tetraene-3,20-dione-21«hemisuberate, sodium salt 

A 16.23 g (.0517 mol) sample of 8-oxo-[(2-sulfoethyl)methylamino|octanoic acid, monosodium salt, 
and 4.99 g {.0414 mol) of pivaloyl chloride in 120 ml of pyridine were stirred in an ice-bath for 3.5 hours. 21- 
Hydroxy-6a-fluoropregna-1,4,9(11),16-tetraene (6.70 g, .0207 mol) was added. The mixture was stirred for 
19 hours and was then concentrated. The residue was poured into water which was saturated with sodium 

20 sulfate. Carbon dioxide was bubbled into the solution. The acidified mixture was partitioned between n- 
butanol and aqueous sodium sulfate. The organic phase was dried for 2h over magnesium sulfate. The 
product was chromatographed on silica gel (5% methanol/methylene chloride to 10% with 1% acetic acid) 
to yield, after ether trituration, 5.72 g of a tacky solid. This material was treated with 0.76 g of sodium 
bicarbonate in the usual way. The sodium salt was triturated with acetonitrile and ether to yield 4.24 g of 

25 product, mp 218— 220°C. Anal. Calcd. for C 32 H 4 ,N0 8 FSNa.8H 2 0. Calcd/Found: C, 58.58/55.56; H, 6.54/6.10; 
N, 2.13/1.97; H 2 0, 2.20/1.97. 
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FORMULA CHART (continued) 

0 

CH 3 -0-C-Rm 




Formula III 



Formula IV 



Formula V 



Formula VI 
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FORMULA CHART (continued) 




Formula VII 



Formula A Formula B 



Claims 

1 . A compound of the formula 

0 

tl 



CHa-O-C-R,, 
C=0 




R 5 



wherein indicates a single or double bond; 
R, is CH 3 or C 2 H 5 ; 

either R 2 is H and R 3 is in the a-position and is OH, d-,2 alkoxy, (C w alkyDCOO, aryl-COO, (R) 2 N — COO 
or r 7 o— COO, wherein the R's are independently selected from H and C,_ 4 alkyl, R 7 is aryl or C w alkyi, and 
aryl is phenyl optionally substituted by 1 to 3 substituents selected from CI, F, Br, C^ 3 alkyl» C,^ alkoxy, 
C^a alkylthio, CI 3 C, F 3 C, NH 2 and NHCOCH 3 ; or 
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R 2 is a-CI and R 3 is P-CI; or 

R 2 and R 3 taken together are -0- bridging positions C-9 and C-1 1 or form a double bond between 
positions C-— 9 and C— 1 1 ; 
R 4 is H f CH 3 , CI or F; 
5 R 5 is H ( OH, F, CI, Br or CH 3 ; 

R Q is H or CH 3 ; 
R 9 is H, OH, CH 3 , F or =CH 2 ; 

either R, 0 is H, OH or CH 3 , or R 10 forms a second bond between positions C— 16 and L— 1/, ana 

io bond or -C^; Y' is a bond, -O- or -S-; each of X and X' is a bond, -CON(R 14 )-, -N(R 14 )-, 

— N(R 14 )C0 0— , — S— , — S(0)— , or — S(0 2 h- ; R, 4 is hydrogen or C,- 4 alkyl; either each of R 12 and R 13 

' is (C,-C 4 ) alkyl or (C,-C 4 » monohydroxyalkyl or NR 12 R, 3 is pyrrolidino, piperidino, morphohno, 
thiomorpholino, piperazino or N-<C,- 4 alkyllpiperazino; n is an integer of from 2 to 9; m is an integer ot 
from 1 to 5; p is an integer of from 2 to 9; q is an integer of from 1 to 5; Z is a bond or — O— ; r is an integer 

15 of from 2 to 9; and Q is „„„ , * llD v C n * nr * 

(1) -R 15 _CH 2 COOH wherein R 1S is -S-, S[0\-. -StO),— , -S0 2 N(R 16 >- or -N(R 18 )SO a -, and 

R 16 is hydrogen or d_ 4 alkyl; 

(2) CO C OOH* 

( 3) -CONH-CHR 18 -COOH wherein R 18 is H, CH 3 , -CH 2 COOH, -CH 2 CH 2 C00H, -CH 2 0H, -CH 2 SH, 
20 — CH 2 CH 2 SCH 3 or p-hydroxybenzyl; 

(4) — CONCH 3 — CH 2 — COOH; 

(5) (2-carboxY-1-pyrrolidinyl)carbonyl; or 

(6) — CONH— CHa— CONH— CH 2 COOH; 
with the provisos that: 

25 (a) the total number of carbon atoms in R 16 and {CH 2 } r is not greater than 10; 
(b) when n is 2, R 14 is not H; 
(cj the sum of m and n is not greater than 10: 

(d) the sum of p and q is not greater than 10; 

(e) when X is a bond, the sum of m and n is from 5 to 10; 
jo (f) when X' is a bond, the sum of p and q is from 4 to 9; 

(g) when R 4 is CI or F, the C— 1 position is saturated; and 

(h) when R 9 is =CH 2 , R 10 does not form a second bond between positions C— 16 and C— 17; 
or a pharmaceutically-acceptable quaternary ammonium or other salt thereof. 

2 A compound of claim 1, wherein R 10 forms a second bond between positions C— 16 and C— 17. 
35 3. A compound of claim 1, wherein R 4 is o-F; R 5 is a-F, a-CI or P-OH; R 9 is a-OH or a-CH 3 ; and R, 0 is a- 
OH or a-CH 3 , - u 

4. A compound of claim 1, wherein R 4 is H; R 9 is H, a-OH or CH 3 ; and R 10 is a-H or a-OH. 

5. A compound of claim 4, wherein R, is CH 3 ; R 5 is a-CH 3 , F or H; and R 16 is H. 

6. A compound of claim 4 or claim 5, wherein R 2 and R 3 taken together form a double bond between 

40 positions C — 9 and C— 11. .... . 

7. A compound of claim 4 or claim 5, wherein R 2 and R 3 taken together are oxygen (— O— ) bridging 

positions C— 9 and C— 11. 

8. A compound of claim 4 or claim 5, wherein R 2 is H. 

9. A compound of claim 1, which is: 

45 N-methyltaurine amide of 17a-hydroxypregna-4,9(1 1)-diene-3,20-dione-21-hemisu berate, sod»um salt; 

N-methyltaurine amide of 6a-fluoro-17a-hydroxypregna-1,4,9(11}-triene-3,20-dione-21-hemisuberate, 

S ° d N^ S e a thyltaurine amide of 6a-fluoro-17a-hydroxy-1 6p-methylpregna-1, 4.9(1 1)-thene-3,20-dione-21- 

hemisuberate, sodium salt; or 

50 N-methyitaurine amide of 6a-fluoropregna-1 ,4,9(11 1,1 6-tetraene-3,20-dione-21-hemisuberate, sodium 

S3,t 10. A pharmaceutical composition comprising a sterile aqueous solution of a compound of any 
preceding claim. 
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Patentanspruche 

1. Eine Verbindung der Formel 
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CH a -0-C-R,, 
C=0 
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worm — eine Einfach- oder Doppelbindung anzeigt; 
. R, ist CH 3 oder C a H 5 ; 

<R> 2 S^ a^tellung und ist OH, C,_ ia A.koxy, (C w Alkyl)COO, Aryl-COO, 

Aiuf Jl??°' WOnn d,e R s unab hangig gewahlt werden von H und C, < Alkvl R, ist Arvl 

35 V £^ dUFCh 1 bis 3 S ^tituenten, a^^SK £J 

Alleys c M Alkoxy, C,_ 3 Alkylthio, CI 3 C # F 3 C, NH 2 und NHCOCH,; oder 
R 2 ist a-CI und R 3 ist p-CI; oder 

Pinp n^nooiK- z H usammen 9enommen biiden eine -O-Brucke zwischen Stellungen C-9 und C— 11 oder 
eine Doppelbindung zwischen Stellungen C— 9 und C— 1 1 ■ 

R 4 ist H, CH 3 , CI oder F; 

R 5 ist H, OH, F, CI, Br oder CH 3 ; 

R 6 ist H oder CH 3 ; 

R 9 ist H, OH, CH 3 , F oder =CH 2 ; 

qJ^ST R, ° ° H ° der Ch3 ' ° der Rl ° bHd6t 6ine ZW6jte Bindung 2wischen StGlI ^gen C-16 und 

-iJd- f ~ Z, 5 h2)rQ A - Y - (CH ^n-X-(CH 2 ) m -S0 3 H oder -Y'-HCH 2 L-XMCH 2 ) fl -NR 12 R 13 worin Y 
erne Bmdung oder -O- ist; T ist eine BJndung, -Q- oder -S-; jeoVr der XuA ZtXZ*. 

.st Pyrrohd.no Piperidino, Morphoiino, Thiomorpholino, Piperazino oder tfiff^^ 
erne ganze Zahl yon 2 bis 9; m ist eine ganze Zahl von 1 bis 5; p ist eine ganz Za'hl v^STq^X eine 
ganze Zahl von 1 b « .5; Z ist eine Bindung oder r ist eine ganze z'ahl von 2 bis 9 ?£S Q T 

(2) — CO-COOH; 

-oS^^SftS^"^ ,S H ' - CHjC0 ° H ' - CH ^ C00H ' CH 2 OH, -CH,SH. 

(4) — CONCH 3 — CHj— COOH; 

(5) (2-Carboxy-1-pyrrolidinyl)carbonyl; oder 

(6) — CONH-CH 2 — CONH-CH 2 COOH; 
unter den Bedingungen, dass: 

(a) die ganze Anzahl von Kohlenstoffatomen in R 16 und (CH 2 ) r nicht grosser ais 10 ist; 

(b) wenn n 2 ist, ist R 14 nicht H; 

(c) die Summe von m und n nicht grosser als 10 ist; 

(d) die Summe von p und q nicht grosser als 10 ist; 

(e) wenn X eine Bindung ist, ist die Summe von m und n von 5 bis 10; 

(f) wenn X' eine Bindung ist, ist die Summe von p und q von 4 bis 9' ' 

(g) wenn R 4 CI oder F ist, ist die C— 1 Stellung gesattigt; und 

(h) wenn H 9 =CH 2 ist, bildet R 10 nicht eine zweite Bindung zwischen Stellungen C— 16 und C— 17- 
oder em pharmazeut.sch annehmbares quartares Ammonium oder anderes Salz davon. 
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2. Eine Verbindung nach Anspruch 1, worin R 10 eine zweite Bindung zwischen Steliungen C— 16 und 
C— 17 bildet. 

3. Eine Verbindung nach Anspruch 1, worin R 4 a-F ist; R 5 a-F, a-CI oder p-OH ist; R 9 a-OH oder a-CH 3 
ist; und R, 0 a-OH oder a-CH 3 ist. 

4. Eine Verbindung nach Anspruch 1 , worin R 4 H ist; R 9 H, a-OH oder CH 3 ist; und R 10 a-H oder a-OH ist. 

5. Eine Verbindung nach Anspruch 4, worin R, CH 3 ist; R 5 a-CH 3 , F oder H ist; und R 16 H ist. 

6. Eine Verbindung nach Anspruch 4 oder 5, worin R 2 und R 3 zusammengenommen eine 
Doppelbindung zwischen Steliungen C— 9 und C — 11 bilden. 

7. Eine Verbindung nach Anspruch 4 oder 5, worin R 2 und R 3 zusammengenommen eine 
Sauerstoff(— O— )brucke zwischen Steliungen C— 9 und C— 11 bilden. 

8. Eine Verbindung nach Anspruch 4 oder 5, worin R 2 H ist. 

9. Eine Verbindung nach Anspruch 1, welche folgendes ist: 

N-Methyltaurinamid des 17a-Hydroxypregna-4 r 9(11)-dien-3 ( 20-dion-21-hemisuberats, Natriumsalz; 
N-Methyltaurinamid des 6a-Fluor-17a-hydroxypregna-1,4 r 9{11)-trien-3 ( 20-dion-21-hemisuberats, 
Natriumsalz; 

N-Methyltaurinamid des 6a-Fluor-17a-hydroxy-1 6p-methylpregna-1, 4,9(1 1)-trien-3,20-dion-21- 
hemisuberats, Natriumsalz; oder 

N-Methyltaurinamid des 6a-Fluorpregna-1 ,4,9(11 ),16-tetraen-3 r 20-dion-21-hemisuberats, Natriumsalz. 

10. Eine pharmazeutische Zusarnmensetzung, die eine sterile wassrige Losung einer Verbindung einer 
der vorhergehenden Anspruche enthalt. 



Revendications 



1. Compose de formule 
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dans laqueile 

— designe une liaison simple ou une double liaison; 
R, represente un groupe CH 3 ou C 2 H 5 ; 

R 2 represente H et R 3 est en position a et represente un groupe OH, alkoxy en C, a C 12f alkyle en C, a 
C 4 )COO, aryle-COO, (R) 2 N— COO ou R 7 0— COO, les groupes R' sont choisis, independamment, entre H et 
un groupe alkyle en C, a C 4 , R 7 represente un groupe aryle ou alkyle en C, a C 4 , et le groupe aryle est un 
groupe phenyle facultativement substitue avec 1 a 3 substituants choisis entre CI, F, Br, des groupes alkyle 
en C, a C 3 . alkoxy en C, a C 3r alkylthio en C, a C 3 , CI 3 C, F 3 C, NH 2 et NHCOCH 3 ; ou bien 

R 2 represente un groupe a-CI et R 3 represente un groupe (3-CI, ou 

R 2 et R 3 , pris conjointement, representent un atome— O— realisant un pontage entre les positions G— 9 
et C — 11 ou forment une double liaison entre les positions C— 9 et C— 11; 
R 4 represente H, un groupe CH 3 , CI ou F; 
R s represente H, un groupe OH, F, CI, Br ou un groupe CH 3 ; 
R 6 represente H ou un groupe CH 3 ; 
R 9 represente H, un groupe OH, CH 3/ F ou un groupe =CH 2 ; 

R 10 represente H f un groupe OH ou CH 3 , ou bien R 10 forme une seconde liaison entre les positions 
C— 16 etC— 17; et 

R„ represente un groupe -Z(CH 2 ) r Q. -Y-HCH 2 ) n -X-<CH 2 } m -S0 3 H ou 
— Y' — (CH 2 ) P — X'— <CH 2 ) q — NR 12 R !3 , dans lequel Y represente une liaison ou un groupe — O— ; Y' 
represente une liaison, — 0 — ou — S — ; chacun de X et X' represente une liaison, un groupe — C0N(R 14 ) — , 
— N(R 14 )— , — N(R 14 )C0— , — O— , — S— , — S(0}— , ou — S(0 2 )— ; R 14 represente I'hydrogene ou un groupe 
alkyle en C, a C 4 ; chacun de groupes R 12 et R 13 represente un groupe alkyle en C, a C 4 ou monohydroxy- 
alkyle en C, a C^ ou bien NR 12 R 13 represente un groupe pyrrolidino, piperidino, morpholino, 
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thiomorpholino, piperazino ou N-(alkyle en C, a CJpiperazino; n represente un nombre entier de 2 a 9; m 
represents un nombre entier de 1 a 5; p represente un nombre entier de 2 a 9; q represente un nombre 
entier de 1 a 5; 2 represente une liaison ou —O—; r represente un nombre entier de 2 a 9; et Q represente 

(1) un groupe — R 15 — CH 2 COOH dans lequel R 15 represente — S— , — S(0)— , — S(0) 2 — , — S0 2 N{R 16 )— 
ou — N(R 16 )S0 2 ~ , et R 16 represente I'hydrogene ou un groupe alkyle en C, a C 4 ; 

(2) un groupe —CO — COOH; 

(3) un groupe -CON H-CHR 18 — COOH dans lequel R ia represente H, un groupe CH 3 , -CH 2 CO0H, 
-CH 2 CH 2 COOH, -CH 2 0H, -CH 2 SH, -CH 2 CH 2 SCH 3 ou p-hydroxybenzyle; 

(4) un groupe — CONCH 3 — CH 2 — COOH; 

(5) un groupe (2-carboxy-1-pyrrolidinyl)carbonyle; ou bien 

(6) un groupe — CONH— CH 2 — CONH— CH 2 COOH; 
sous reserve que: 

(a) le nombre total d'atomes de carbone dans les groupes R 16 et (CH 2 ) r soit non superieur a 10; 

(b) lorsque n est egal a 2, R u ne represente pas H; 
'5 (c) la somme de m et n sopit non superieure a 10; 

(d) la somme de p et q soit non superieure a 10; 

(e) lorsque X represente une liaison, la somme de m et n soit comprise dans I'intervalle de 5 a 10; 
f) lorsque X' represente une liaison, la somme dep et q soit comprise dans I'intervalle de 4 a 9; 
(g) lorsquef R 4 represente CI ou F, fa position C— 1 soit saturee; et 

20 r ,0 ' sque R * re P r esente un groupe =CH 2 , R 10 ne forme pas une seconde liaison entre les positions 
C 16 et C — 17; 

ou un de ses sels d'ammonium quaternaire ou autres sels pharmaceutiquement acceptables. 

2. Compose suivant la revendication 1, dans lequel R 10 forme une seconde liaison entre les positions 
C — 16 et C — 17. 

3. Compose suivant la revendication 1 f dans lequel R 4 represente un groupe a-F; R 5 represente un 
groupe a-F, a-CI ou 0-OH; R 9 represente un groupe a-OH ou a-CH 3 ; et R 10 represente un groupe a-OH ou a- 
CH 3 . 

4. Compose suivant la revendication 1, dans lequel R 4 represente H; R 9 represente ou un groupe a-OH 
ou CH 3 ; et R 10 represente a-H ou un groupe a-OH. 

5. Compose suivant la revendication 4, dans lequel R, represente un groupe CH 3 ; R 5 represente un 
groupe a-CH 3f F ou H; et R 16 represente H. 

6. Compose suivant la revendication 4 ou la revendication 5, dans lequel R 2 et R 3/ pris conjointement, 
Torment une double liaison entre les positions C 9 et C n . 

7. Compose suivant la revendication 4 ou la revendication 5, dans lequel R 2 et R 3 , pris conjointement, 
35 representent un atome d'oxygene (—0—) realisant un pontage entre les positions G, et C n . 

8. Compose suivant la revendication 4 ou la revendication 5, dans lequel R 2 represente H. 

9. Compose suivant la revendication 1, qui est: 

I'amide de N-methyltaurine du sel de sodium du 21-hemisuberate de 17a-hydroxypreqna-4 ( 9{11)- 

diene-3.20-dione; 

40 Jmise de N-methyltaurine du sel de sodium du 21-hemisuberate de 6a-fluoro-17a-hydroxypreqna- 

1.4,9(11 )-triene-3,20-dione; 

I'amide de N-methyltaurine du sel de sodium du 21-hemisuberate de 6a-fluoro-17a-hydroxv-16B- 
methyipregna-1,4,9(11)-triene-3,20-dione; ou 

I'amide de N-methyltaurine du sel de sodium du 21-hemisuberate de 6a-fluoropregna-1 4 9(11) 16- 
45 tetra-ene-3,20-dione. 

10. Composition pharmaceutique comprenant une solution aqueuse sterile d'un compose suivant 
Tune quelconque des revendications precedentes. 
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